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PROBE PIN FOR TESTING ELECTRICAL CHARACTERISTICS OF APPARATUS, 
PROBE CARD USING THE PROBE PINS, AND 
METHOD FOR FABRICATING THE PROBE PIN 

The present patent application claims the benefit of earlier Japanese Patent 
Application No. 11-363317 filed December 21, 1999, the disclosure of which is entirely 
incorporated herein by reference, 

BACKGROUND OF THE INVENTION 



1. Field of the Invention 

The present invention relates to a probe pin for testing electric characteristics of 
an apparatus, such as a semiconductor integrated circuit, an LCD, a magnetic recording 
device, or the like, and to a method for fabricating the probe pin. The invention also 
1 5 relates to a probe card using a set of probe pins. 

2. Description of the Related Art 

A test probe or a probe card is generally used to test the electric characteristics of a 
semiconductor integrated circuit printed on a wafer before the wafer is cut into chips. 

20 As the pattern of a semiconductor integrated circuit becomes fine and dense, the pitch of 
the probe pins have to be reduced. A fine-pitch probe can be fabricated by, for example, 
forming a silicon single crystal pin by a VLS (vapor liquid solid) technique (R.S. 
Wangner and W.C. Ellis, Appl. Phys. Lett. 4, 1996 at 89). In this technique, a metal, for 
example, gold (Au) is placed on a substrate, and this metal is heated in the gas phase 

2 5 containing the composition of the probe (that is, silicon). Then, silicon is deposited in 
the solid phase via the molten metal in the alloy liquid phase. This method allows a 
silicon single crystal probe to be formed easily and accurately at a fine pitch making use 
of crystal growth. Because a single crystal silicon probe has a high electric resistance, 
the silicon probe is generally coated with a low resistance metal, such as gold. 

30 Fig. 1 illustrates a conventional silicon probe 100. The silicon probe 100 has 

pin core 102a rising in the vertical direction, a silicon wiring layer 102b extending in the 
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horizontal direction, a nickel-phosphorus seed layer 103, and a gold (Au) plating layer 
104 covering the seed layer 103. The vertical pin core 102a, the seed layer 103, and the 
plating layer 104 form an individual test pin 105. On the other hand, the horizontal 
wising layer 102b, the seed layer 103, and the plating layer 104, form a lead electrode 106 
for extracting an electrode from the test probe 105. The test pin 105 is connected to an 
external circuit (for example, a tester) via the lead electrode 106. 

To fabricate the conventional test probe shown in Fig. 1, a wiring pattern 
corresponding to the lead electrode 106 must be formed prior to forming the single crystal 
silicon pin rising in the vertical direction. The wiring pattern can be formed by, for 
example, forming a silicon layer on a sapphire substrate 101, coating the sapphire 
substrate with a photoresist, patterning the photoresist into a horizontal wiring pattern, 
and etching the silicon layer into the lead using the photoresist as a mask. 

However, the conventional silicon probe requires a certain space around each pin 
in order to extract and arrange the lead on the substrate. In addition, each lead extending 
from the associated pin must be arranged at a certain distance from the other leads, so that 
signals propagating through adjacent leads will not interfere each other. These factors 
greatly limit the freedom of producing two-dimensional layout of a probe, especially with 
respects to the positions and the density of the probe pins. This limitation is a fatal 
obstacle to producing a fine-pitch probe for testing a highly dense circuit. 

Another problem in the conventional probe set is that if the leads from the 
associated probes are arranged in the two-dimensional manner, the wiring length becomes 
inevitably long, and in addition, the lengths of the leads extending from different probes 
differ from one another. Consequently, variation occurs in signal transfer among 
different leads when measuring electric characteristics at a high frequency. The long 
lead causes the contact resistance to increase between the probe pin and the electrode 
formed on the substrate, which results in a measurement error. 

SUMMARY OF THE INVENTION 

Therefore, it is an object of the invention to overcome the problems in the prior 
art technique, and to provide a probe pin for testing electric characteristics of an apparatus, 
such as a highly integrated semiconductor circuit. 
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It is another object of the invention to provide a probe assembly, which is a 
combination of a probe pin and an electrode connected to the base of the test probe. 
This probe assembly allows the pitch of probe pins to be reduced when a number of pins 
are arranged on a board, and the lengths of the leads from the probes can be made almost 
5 equal. The probe assembly has a low contact-resistance, and is suitable to measurement 
at a high frequency. 

It is still another object of the invention to provide a probe card with a superior 
high-frequency characteristic, which is brought into contact with a high-dense 
semiconductor wafer to collectively test electric characteristics of the integrated circuits 
10 formed on the wafer. 

It is still another object of the invention to provide a method for fabricating a 
probe pin for testing electric characteristics of, for example, a semiconductor circuit, and 
having a superior high-frequency characteristic. 

To achieve the objects, a probe pin for testing electric characteristics of an 
15 apparatus comprises a silicon pin core, and a conductive layer covering the entire surface 
of the silicon pin core. In this text, "covering the entire surface" means that not only the 
tip or the side face of the silicon pin, which is brought into direct contact with an 
integrated circuit to be tested, but also the bottom face of the silicon pin core is coated 
with the conductive layer. By coating the bottom face of the silicon pin, the bottom face 
20 of the silicon pin is connected directly to the electrode placed in the print wiring board, 
which is further connected to a tester. The direct connection between the bottom face of 
the silicon pin and the electrode eliminates the necessity of leads extending from the side 
face of the associated silicon pins in a two-dimensional plane. Consequently, the density 
of the silicon pins is greatly increased when multiple pins are arranged on a wiring board. 

The probe pin can be used to test or evaluate various electric characteristics of an 
apparatus, such as a semiconductor device, a liquid crystal display (LCD), a magnetic 
recording device, and so on. For example, electric characteristics of a semiconductor 
device include, but not limited to logical characteristic of a logic circuit, voltage-current 
characteristic, threshold voltage of MOSFET, driving current, gate leak current, hot 
carrier resistivity, short fault or breaking fault of interconnections, wiring resistance, and 
capacitance. 

The silicon pin may have a metal silicide layer on the bottom face. The metal 
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silicide facilitates plating a conductive layer on the bottom face of the silicon pin. The 
metal silicide has an alloy-forming temperature below an alloy-forming temperature of 
silicon and the conductive layer. Such a metal silicide includes, but is not limited to 
nickel silicide (Ni 2 Si), platinum silicide (PtSi, P^Si), and lead silicide (Pb 2 Si). 

In another aspect of the invention, a probe assembly, which comprises a probe 
pin and an electrode positioned directly below and connected to the bottom of the probe 
pin, is provided. The probe pin comprises a silicon pin core and a conductive layer 
covering the entire surface of the silicon pin core. The significant feature of the probe 
assembly is that no leads or extracted electrodes are required. 

The silicon pin core may have a metal silicide at its bottom. In this case, the 
metal silicide has an alloy-forming temperature below an alloy-forming temperature of 
the conductive layer and silicon. The electrode is connected to the bottom of the probe 
pin by soldering, or using a bonding agent or a resin. 

In still another aspect of the invention, a probe card is provided. The probe 
card comprises one or more probe pins and a print wiring board having one or more 
electrode, each electrode being positioned below an associated probe pin, and connected 
to the bottom of the associated probe pin. Each probe pin comprises a silicon pin core 
and a conductive layer covering the entire surface of the silicon pin core. Because each 
probe pin is connected directly to the electrode at its bottom without requiring leads, the 
probe card has a fine-pitch and high-dense structure. This probe card can also eliminates 
variation in signal transfer due to differences in the lengths of the leads extracted from the 
associated pins. Accordingly, the probe card can measure a high-frequency signal in a 
stable manner. Since the lead or the extracted electrode, which was required in the 
conventional test probe, is eliminated, the contact resistance is greatly reduced, and highly 
2 5 precise measurement can be realized. 

The prove card has an insulating layer filled in a space between the probe pins in 
such a manner that the tips of the probe pins project from the top surface of the insulating 
layer. The insulating layer makes the probe pins electrically independent from one 
another, and reinforces the probe card mechanically. 

In still another aspect of the invention, a method for fabricating a probe pin is 
provided. With this method, one or more silicon pins are formed in the vertical direction 
by crystal growth. Then, the tip and the side face of each silicon pin are coated with a 
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first metal. The tip and the side face of the silicon pin are collectively referred to as the 
first surface. Then, an insulating layer is formed around the silicon pins to mechanically 
fix the silicon pins. The insulating layer is formed by, for example, filling up the space 
between the silicon pins with an arbitrary insulating material in such a manner that the 
tips of the silicon pins project from the top surface of the insulating layer. Then, a 
second metal layer is formed on the bottom face of the insulating layer and the bottoms of 
the silicon pins. The bottom of the silicon pin is referred to as the second face. Then, 
the bulk is heated at a temperature higher than an alloy-forming temperature of silicon 
and the second metal and lower than an alloy-forming temperature of silicon and the first 
metal. After the heating step, non^reacted second metal is removed by, for example, 
selective etching. Finally, a third metal is deposited on the selectively etched surface. 

The first metal is, for example, gold (Au). The second metal is, for example, 
nickel (Ni), lead (Pb), and platinum (Pi). The third metal is the same as the first metal, 
or alternatively, other high-conductive metals may be used. The first and second metals 
are selected so that the alloy-forming temperature of silicon and the first metal is higher 
than the alloy-forming temperature of silicon and the second metal. With this method, 
the bottom face of the silicon pin core is covered with a high-conductive metal, and 
therefore, the probe pin can be connected directly to an electrode placed in a wiring 
board. 

An alternative method may be used to fabricate a probe pin for testing the 
electric characteristics of an apparatus. In the alternative method, one ore more silicon 
pins are formed in the vertical direction by, for example, crystal growth. Then, the first 
face of each silicon pin, that is, the tip and the side face of the silicon pin, is coated with a 
first metal. Then, an insulating layer is formed around the silicon pins to mechanically 
fix the silicon pins by filling up the space between the silicon pins with an arbitrary 
insulating material. Then, a recess is formed at the bottom (that is, the second face) of 
each silicon pin by, for example, etching. Finally, a third metal layer is formed so as to 
cover the bottom face of the insulating layer and the recesses of the silicon pins. 

The third metal is then removed from the bottom face of the insulating layer, 
while leaving the third metal inside the recesses. The bottoms of the silicon pins 
covered with the third metal are connected to electrodes arranged in a print board by one- 
to-one correspondence. 
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With this alternative method, the bottom of the silicon pin is covered directly 
with a conductive layer without forming a metal silicide film on the bottom thereof. 
Accordingly, the bottom of the silicon pin coated with a conductive layer can be 
connected directly to an electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Other objects and advantages will be apparent from the following detailed 
description of the invention in conjunction with the attached drawings, in which: 
10 Fi 8- 1 illustrates a conventional silicon probe pin for testing electric 

characteristics of an apparatus; 

Fig. 2 illustrates a probe assembly according to the first embodiment of the 
invention, which includes a silicon probe pin for testing electric characteristics and an 
electrode connected directly to the silicon probe pin; 
1 5 Fi 8- 3 illustrates a process of fabricating a probe pin shown in Fig. 2; 

Fig. 4 illustrates a probe card using multiple probe pins according to the first 
embodiment of the invention, in which Fig. 4A shows an example of connecting the 
bottom face of each pin to the electrode by soldering, and Fig. 4B shows an example of 
connecting the bottom face of each pin to the electrode by an adhesive film; 
20 Fi S- 5 Illustrates a probe pin for testing electric characteristics according to the 

second embodiment of the invention; and 

Fig. 6 illustrates a process of fabricating the probe pin shown in Fig. 5, the 
process continuing from the step 3C shown in Fig. 3. 

2 5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

(First Embodiment) 

Fig. 2 illustrates a probe assembly 10 which includes a probe pin 1 for testing 
electric characteristics of, for example, a semiconductor device, and an electrode 7 
connected directly to the bottom of the probe pin 1. The probe pin 1 comprises a single 

3 0 crystal silicon pin core 3, and a gold (Au) film 4 covering the entire surface of the silicon 

pin core 3. The probe pin 1 also has a nickel silicide (Ni 2 Si) film 5 at the bottom of the 
silicon pin core 3. Because the resistance of silicon is comparatively high, the tip and 
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the side face (collectively referred to as "the first surface") of a silicon pine, which are 
brought into contact with a semiconductor wafer during a test or measurement, were 
conventionally coated with a low-resistance metal film. The feature of the probe pin 1 is 
that the bottom (referred to as the "second surface") of the silicon pin core 3 is also coated 
with a low-resistance film, for example, a gold (Au) film 4. 

The bottom (i.e., the second surface) of the silicon pin core 3 is connected 
directly to an electrode 7 using solder 6. The electrode 7 is fixed to a support board 2, 
and connected to an interconnection 9 formed in the support board 2. This arrangement 
can eliminate the lead electrode extending from the side of the silicon pin core in the 
horizontal direction, which was required in the conventional probe pin. The probe pin 1 
and the electrode 7 connected directly to the bottom of the probe pin 1 constitute a probe 
assembly 10. By arranging a number of probe assemblies in a array on a print wiring 
board, a probe card having a pitch of about 10 Mm is realized. Such a probe card is 
shown in Fig. 4, and the details of it will be described below. 

The feature of the probe assembly 10 is that the horizontal lead extending from 
the side of the probe pin, which was the obstacle to reducing the pitch in the conventional 
probe card, is eliminated. Accordingly, the pitch between probe pins can be greatly 
narrowed. To be more precise, a conventional probe card generally has a pitch of 50 U m 
due to the horizontal leads creeping between the probe pins on the print board. In 
contrast, the probe card using the probe assemblies 10 of the present invention, the pitch 
can be reduced up to 10// m by connecting the silicon probe pin 1 directly to the electrode 
7. Such a fine pitch allows a reliable measurement of electric characteristics of a high- 
dense semiconductor integrated circuit. 

The silicon probe pin 1 shown in Fig. 2 has a nickel silicide (Ni 2 Si) film 5 at the 
bottom the silicon pin core 3. The nickel silicide film 5 allows the conductive film (e.g., 
a gold film) 4 to adhere to the bottom face of the silicon probe pin 1 in a reliable manner, 
thereby guaranteeing stable electrical connection. The bottom of the electrode 7 of the 
probe assembly 10 is connected to the interconnection 9 that extends inside the substrate 
2. Accordingly, the probe pin 1 is electrically connected to an external circuit, such as a 
tester, via the electrode 7 and the interconnection 9. 

Fig. 3 shows a process of fabricating the silicon probe pin 1 shown in Fig. 2. 
(a) First, a gold (Au) seed is placed by, for example, screen printing at a 



c o 



predetermined position on a silicon substrate 21. A single crystal silicon pin core 23 is 
grown in the vertical direction with respect to a silicon substrate 21 by a VLS technique, 
as shown in Fig. 3A. The precursor gas is, for example, sihcontetrachloride (SiCl 4 ), 
dichlorsilane (SiH^y, monosilane (SiH 4 ), or disilane.CSi^). Although a single silicon 
sin core 23 is illustrated in Fig. 2A, multiple pin cores 23 may be grown simultaneously at 
a predetermined interval. In this case, a gold (Au) seed pattern is formed by screen 
printing, or alternatively, a gold pattern may be formed by photolithography if a fine pitch 
of about 10 Mm is required. With photolithography, a gold film and a photoresist are 
formed on the silicon substrate 21 in this order, and the photoresist is first patterned by 
photolithography to form a mask. Then, the gold film is etched into the predetermined 
seed pattern using the photoresist pattern as a mask. The height of the silicon pin core 
23 is about 50 U m to 500 U m. The gold seed used for crystal growth remains on the top 
of the silicon pin core 23. This gold seed is incorporated in a gold coating film formed 
in the subsequent step. 

(b) Then, the first face (i.e., the tip and the side) of the silicon pin core 23 and the 
top face of the silicon substrate 21 are coated with a first metal (gold in this example) 24, 
as shown in Fig. 2B. The gold film 24 is formed by sputtering, or by combination of 
sputtering and electrolytic plating. The thickness of the gold film 24 is about 1 fi m for a 
10/^m-pitch probe pin, and is more for a probe pin with a greater pitch in order to 
increase the conductivity. 

(c) Then, an insulating layer 25 is formed by filling the space between the coated 
silicon pin cores 23 with polyimide, as shown in Fig. 3C. The tip of the silicon pin 
sticks out from the top face of the polyimide insulating layer 25 for direct contact with an 
integrated circuit formed on a wafer during a test or a measurement. The polyimide 
insulating layer 25 can also functions as an reinforcement for fixing the silicon pin and 
increasing the mechanical strength. 

(d) Then, the silicon substrate 21 is removed, as shown in Fig. 3D, by polishing the 
substrate 21 up to a certain thickness, and then, by wet etching using an etchant that can 
etch silicon without etching the gold film 24. The etchant is, for example, a mixture of 
hydrofluoric acid (HF) and nitric acid (HN0 3 ). The gold film 24 remaining on the 
bottom of the insulating layer 25 is also removed by, for example, CMP, whereby the 
second face (i.e., the bottom face) of the silicon pin core 23 and the bottom of the 
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insulating layer 25 are exposed. 

(e) Then, a nickel (Ni) film 26 is formed on the second face of the silicon pin core 
23 and the bottom face of the insulating layer 25 up to the thickness of several microns. 
The nickel film 26 is formed by, for example, sputtering or nickel paste coating. Nickel 
is an example of the second metal for forming a metal silicide at the bottom of the silicon 
pin core 23. 

(f) After the formation of the nickel film 26, the bulk is heated at a temperature 
ranging from 200^ to 350^. Silicon and nickel react thermally with each other in this 
temperature range, and alloy into a silicide. As a result, a nickel silicide (Ni 2 Si) film 27 
is formed at the bottom of the silicon pin core 23, as shown in Fig. 3F. In the above- 
mentioned temperature range, silicon and gold do not show any reactions, and therefore, 
the gold film 24 remains as it is. 

(g) Then, non-reacted nickel film 26 is removed, as shown in Fig. 3G by using a 
solution that dissolves nickel, but does not dissolve nickel silicide. Such a solution is, 
for example, a mixture of hydrogen peroxide and sulfuric acid (H 2 S0 4 + H^, which can 
remove only nickel in a selective manner 

(h) Finally, the second face (i.e., the bottom face) of the silicon pin core 23 is coated 
with a third metal (gold in this example) by, for example, electrolytic plating, as shown in 
Fig. 3H. In this manner, the entire surface of the silicon pin core 23 is coated with a 

20 conductive film 24. 

The nickel silicide 27 formed at the bottom of the silicon pin core 23 allows the 
gold film to attach to the bottom face of the silicon pin core 23 in a reliable manner. The 
gold film must be formed selectively on the bottom face of the silicon pin core 23 without 
covering the bottom face of the polyimide insulating layer 25. For this reason, 
electrolytic plating is a suitable method for the selective film formation, instead of 
sputtering. However, electrolytic plating has a problem that it is difficult for gold to 
adhere to silicon surface, unlike sputtering. To overcome this problem, a nickel silicide 
film 27 is formed at the bottom of the silicon pin core 23 in advance to enhance the 
adhesion of gold during the electrolytic plating. 

Although, in the first embodiment, nickel is used as the second metal for 
producing a metal silicide in step (e) shown in Fig. 3E, other metals may be used as long 
as it reacts with silicon at a temperature below the alloy-forming temperature (about 
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400^) of silicon and gold. For example, lead (Pb) or platinum (Pt) may be sputtered 
onto the bottom face of the insulating layer, and heated at the corresponding alloy- 
forming temperature. In this case, a metal silicide, such as PtSi, P^Si, or Pb 2 Si, is 
formed at the bottom of the silicon pin core 23. 

Although, in step (h) shown in Fig. 3H, gold (Au) is used as the third metal to 
cover the bottom face of the silicon pin core 23, other low-resistance metal, such as silver, 
may be used. 

Fig. 4 illustrates a probe card having multiple probe pins for testing electric 
characteristics of, for example, a semiconductor integrated circuit. Each probe pin is 
connected to one of the electrodes arranged on a print wiring board 120. A probe pin 
and the associated electrode constitute a probe assembly. 

In Fig. 4A, a probe card 100 has multiple silicon probe pins, each comprising a 
silicon pin core (231, 232, 233) and a conductive film (241, 242, 243) covering the entire 
surface of the silicon pin core. The probe card 100 also has a pint wiring board 120, on 
which multiple electrodes (291, 292, 293) are arranged. The second face (i.e., the 
bottom face) of each probe pin is connected directly to the associated electrode (291, 292, 
293) using a solder ball (281, 282, 283). Counterpart electrodes 291', 292', 293' are' 
furnished to the bottom face of the print wiring board 120 at positions corresponding to 
the electrodes 291, 292, 293 placed on the top face of the print wiring board 120. Each 
pair of electrodes are connected to each other by, for example, a copper (Cu) wire (301, 
302, 303). Preferably, the polyimide insulating layer 25 formed in step of Fig. 3C is left 
as it is without removing in order to maintain the mechanical strength of the probe card 
100. 

Before the second faces (i.e., the bottom faces) of the probe pins held by the 
25 polyimide insulating layer 25 are connected to the associated electrodes 291, 292, 293, 
semisolid solder is pressured via a mesh to put solder balls 281, 282, 283 on the 
respective electrodes 291, 292, 293. Then, the bottoms of the probe pins covered with a 
gold film are brought directly above the associated solder balls by, for example, an X-Y 
positioning apparatus, and pressed against the solder balls. 

Fig. 4B illustrates probe card 200, which is another example of the application of 
the probe pin of the present invention. The second faces (i.e., the bottom faces) of the 
probe pins are connected to the electrodes 301 through 303 by an adhesive layer 305 in 
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place of, or together with the solder balls 281, 282, 283. The adhesive layer 305 may be 
a bonding agent or a thermoplastic resin used in the semisolid state. In either case, a 
bonding agent or a semisolid resin is applied onto the print board 120 using, for example, 
a squeegee so as not to hide the electrodes 291, 292, 293. The bonding agent or the 
5 semisolid resin is swelled up on the print board 120. Then, the second faces (i.e., the 
bottom faces) of the probe pins are positioned directly above the electrodes, and brought 
into contact with the electrodes. At this time, the bottom face of the insulating layer 25 
is pressed against the swelling bonding agent or resin. As a result, the bonding agent is 
flattened in the horizontal direction, and an even adhesive layer 305 is formed between 

10 the polyimide insulating layer 25 and the print wiring board 120. The adhesive layer 
305 hardens as time passes, and the polyimide insulating layer 25 is fixed to the print 
wiring board 120. This arrangement guarantees electric connection between the probe 
pins and the electrodes because the surroundings of the electrodes are filled with the 
adhesive layer 305 to seal up the mechanical connection between the probe pins and the 

15 electrodes. 

(Second Embodiment) 

Fig. 5 illustrates a probe assembly 30 that includes a probe pin 31 for testing 
electric characteristics of, for example, a semiconductor integrated circuit, and an 

20 electrode 37 connected directly to the bottom of the probe pin by soldering. The probe 
pin 31 comprises a single crystal silicon pin core 33 and a gold film 34 covering the entire 
surface of the silicon pin core 33. Unlike the probe pin 1 of the first embodiment, the 
probe pin 31 does not have a nickel silicide (Ni 2 Si) film at the bottom. Accordingly, the 
second face (i.e., the bottom face) of the silicon pin core is directly coated with the gold 

25 film 34. The bottom of the electrode 37 is connected to the interconnection 39 
extending inside the substrate 32, as in the first embodiment explained in conjunction 
with Fig. 2. The probe pin 31 is electrically connected to an external circuit via the 
electrode 37 and the interconnection 39. 

Fig. 6 illustrates a process of fabricating the probe pin 31 shown in Fig. 5. The 

30 steps from crystal growth to formation of polyimide insulating layer (Figs. 3 A through 
3C) are in common with the first embodiment. Accordingly, Fig. 6 illustrates the steps 
following the step of Fig. 3C. 
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First, the silicon substrate is removed from the polyimide insulating layer, as 
shown in Fig. 6A. As in the first embodiment, the silicon substrate can be removed by 
combination of polishing and wet etching. The gold film is also removed from the 
bottom face of the insulating layer by CMP. 

Then, a recess 41 is formed by selectively etching only the bottom portion of the 
silicon pin core 33, as shown in Fig. 6B. The etchant used in this step dissolves only 
silicon, and does not dissolve polyimide or gold (i.e., the first metal). An example of the 
etchangt is a mixture of hydrofluoric acid (HF) and nitric acid (HN0 3 ). Acetic acid 
(CH3COOH) may be added to adjust the etching speed. Preferably, the depth of the 
recess 41 is greater than the thickness of the gold film 34 formed on the first face of the 
silicon pin core 33 in order to sufficiently reduce the resistance of the silicon probe pin 31 
at the second face (i.e., the bottom face). For example, if the thickness of the gold film 
34 is 1 micron, then the depth of the recess 41 ranges from 1 micron to 5 microns. If the 
thickness of the gold film 34 is increased, the depth of the recess 41 is also increased. 

Then, a third metal, for example, gold is sputtered onto the recess 41 and the 
entire bottom face of the polyimide insulating layer 35 so as to form a conductive layer of 
about 10 micron thickness. Unlike the electrolytic plating used in the first embodiment 
for selectively forming a gold film only on the bottom face of the silicon pin core, gold is 
deposited onto the entire bottom face of the insulating layer by sputtering, As has been 
described above, sputtering allows gold to attach to silicon surface easily, as compared 
with electrolytic plating, and accordingly, the gold film 34 can be formed directly onto the 
single crystal silicon surface in this embodiment. In other words, the method shown in 
Fig. 6 does not require the step of forming a metal silicide at the bottom of the silicon pin 
core 33. 

Finally, an excessive amount of gold film is removed from the bottom face of the 
insulating layer 35 by, for example, CPM, so that only the gold film filled in the recess 41 
remains, as shown in Fig. 6D. The entire surface of the silicon pin core 33 is coated 
with the gold film 34. 

As in the first embodiment, the insulating layer 35 is left in order to reinforce the 
mechanical strength of the probe pin. 

Two or more silicon pin cores 33 may be grown in the vertical direction 
simultaneously. By connecting the bottom face of the probe pin, which is covered with 
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the gold film 34, directly to the electrodes arranged in an array on a print wiring board, a 
fine-pitch probe card can be fabricated. 

The present invention is not limited to the examples described above, and many 
other modifications and substitutions may be made without departing from the scope of 
5 the invention. For example, the probe pin can be applicable to, for example, an 
interposer, other than a probe card. 

Although, in the preferred embodiments, the electrodes are arranged on the print 
wiring board, the electrodes may be buried in the print wiring board so that the top faces 
are exposed to receive the probe pins. 
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